A 72-year-old female undergoing evaluation for hernia, underwent a double contrast barium enema study at a local community hospital. During the procedure, the rectal catheter (Miller enema air tip, 8816, Bracco UK, Ltd) was inadvertently placed into the vagina. Upon inflation of the retention balloon and gravity injection of contrast material
management. Emergency department evaluation following the injury included a pelvic ultrasound, which was indeterminate. A subsequent noncontrast CT scan of the abdomen and pelvis at the community hospital showed contrast visible in the vagina with extravasation of air and contrast into the extraperitoneal space ( Figs. 1-4 ) with proximal extension toward the sacrum within the right broad ligament, involvement of the prevesical and rectovaginal spaces, and a small amount of contrast within the uterus. She was then further transferred to our hospital for potential emergent surgical management.
Upon arrival at our facility, the patient was examined by general surgery and gynecology teams. She was hemodynamically stable with a benign abdominal exam, the imaging did not suggest that barium was present intraperitoneally, and it was determined that we did not need to perform emergency surgical evaluation of the peritoneal cavity. The vaginal laceration did need to be explored due to ongoing vaginal bleeding. The patient was taken expeditiously to the operating room, where she underwent a pelvic examination under anesthesia, copious irrigation of the vaginal laceration, primary repair of vaginal wall defect, and cystoscopy. This defect was located in the right superior-lateral vagina, measured 4 cm in length and was repaired with braided absorbable suture in a running locked fashion. Hemostasis was observed at the end of the procedure. Cystoscopy was added due to the location of the vaginal wall defect and concern for a bladder wall injury but was found to be normal. After the procedure, the patient was admitted to an advanced care unit for continued monitoring. The patient did well postoperatively and was discharged home on hospital day 4.
Since discharge, the patient returned for evaluation in the office on 4 occasions for follow-up and continued to do well 6 months following the event. She denied any symptoms and her vaginal laceration healed well without evidence of fistula formation or infection. Telephone follow-up with the patient was performed 17 months after the initial event, and the patient reported that she continued to have no pain, discharge, bowel or bladder difficulty, or any other symptom related to the event. Follow-up imaging was not obtained due to the absence of symptoms and the concern that presence of retained retroperitoneal contrast would complicate interpretation.
Discussion
Misplacement of a barium enema catheter into the vagina is not rare, but is usually recognized by either the patient, the treatment team, or both [1] . If misplacement is not recognized, however, catastrophic complications can result. Extravasation or embolization of barium contrast can produce devastating local and systemic effects, protracted complications, and death. Extravasated barium is radiologically persistent, making subsequent imaging extremely difficult to interpret. Although aggressive surgical management has been nearly universally recommended for large barium burdens, either intraperitoneally or extra-peritoneally, the final clinical decision may be tempered by many factors, including the site of perforation, the source of perforation, the location of the extravasated barium, and the overall patient clinical condition [2] . We have presented a case of vaginal perforation following misplacement of a rectal balloon catheter, successfully managed with primary closure of the vaginal wall, local irrigation, antibiotic therapy, and observation.
The double contrast barium enema procedure is generally quite safe, with reported complication rate of approximately 1 in 9000 procedures and a reported mortality rate ranging from 1:56,000 to 1:70,000 [1, 3] . Should a perforation of a viscus occur, however, the mortality rate is significant. The reported mortality rate ranges from 8%-10% in a large review of patients from the United Kingdom (15% if intraperitoneal contamination with barium occurs) to as high as 35% [1] [2] [3] . In addition to overall mortality, perforation complications may have other devastating outcomes including but not limited to sepsis, peritonitis, fistula formation, adhesion formation, intestinal obstruction, and urologic obstruction [4] .
The literature describing barium enema complications predominantly addresses rectal perforations and sequelae. For this article, we limited comparison to those instances where vaginal intubation was specifically described and located a total of 18 identifiable cases dating from 1964. There are conflicting data regarding the incidence of inadvertent vaginal intubation with the enema catheter tip. A survey of United Kingdom consultant radiologists from 1992 to 1994 implies that vaginal placement is not an uncommon occurrence but is typically recognized by the patient or radiology team prior to instillation of contrast medium [1] . Chan et al. also indicated that administration of contrast into the vagina is not an uncommon occurrence [5] . Conversely, a United Kingdom survey of radiographers from 2004 reveals only 2 reports of vaginal catheter misplacement, for a rate of 1:175,000 [3] . Given such conflicting data, it is likely that inadvertent vaginal intubation, and even contrast administration into the vagina, is much more common than is reported.
A complication from vaginal intubation may be particularly concerning, given that the contrast material is injected under pressure into an enclosed space, and may put the patient at particularly high risk for intravascular injection of barium and subsequent fatal outcome [5] . In their review, Chan et al. found a total of 8 patients with barium intravasation following vaginal intubation and laceration, for whom the mortality rate was 75% [5] .
Risk factors for vaginal intubation may include postmenopausal status, increased parity, attenuation of the perineal body, pelvic surgery, or previous episiotomy [1] . An uncooperative or obtunded patient may also increase the risk for misplacement, as the patient cannot indicate misplacement to the radiology team [6] . Postmenopausal status is associated with vaginal atrophy and decreased lubrication which may make the vagina more susceptible to trauma [7] [8] [9] . In our experience, obesity also increases the difficulty of performing an appropriate pelvic examination, particularly if conditions are not ideal for direct visualization of anatomy (including adequate lighting, appropriate instrumentation, and ability to position the patient to examine the perineum) and may contribute to intubation of the incorrect orifice. Risk factors present in this particular case included postmenopausal status, increased parity, perineal attenuation, and obesity. If vaginal intubation is not recognized, traumatic rupture can occur either with the catheter tip itself or with inflation of a retention balloon, allowing entry of barium contrast into the retroperitoneum, other pelvic organs such as the uterus or fallopian tubes, into the peritoneal cavity, or into the pelvic vasculature.
Of the 19 reported cases of unrecognized vaginal intubation in this report, laceration occurred in 18 patients (95%). The sole remaining case was identified when imaging revealed barium in the uterus and fallopian tubes, with a small amount of spill into the peritoneal cavity. This patient survived without long-term sequelae. Of the remaining 18 with a demonstrated injury to the vagina, documented barium embolization occurred in 13 (72%). Of these 13 cases of embolism, 9 died from embolic complications (69% mortality rate from embolism). One further patient died from peritonitis and sepsis after intraperitoneal spill, and 1 final patient died from unlisted causes. Overall, the mortality rate from all complications of unrecognized vaginal intubation appears to be as high as 58% (11/19) .
In our case, although the patient did sustain a vaginal laceration, she did not have any clinical signs or symptoms of barium extravasation into the peritoneal cavity, nor did she have any radiographic evidence of barium in the pelvic vasculature. Her main indication for immediate surgical intervention was ongoing vaginal hemorrhage. Fluid sampling with paracentesis or diagnostic peritoneal lavage to examine intra-abdominal fluid contents for barium were considered, but ultimately not performed given patient's otherwise reassuring clinical status. Due to a large ventral hernia as well as existing medical comorbidities, we determined that the risks Management of the vaginal wound is dictated by general surgical principles, and generally consists of wound exploration, hemostasis, irrigation, and possible closure [9] . Of the reported cases, only 2 mentioned the specific management of the vaginal wound. In 1 case, the wound was irrigated and packed [6] . In the second case the vaginal wound was sutured closed without further adverse sequelae [5] . Regardless of the management method employed by the care team, the crucial surgical goal is to control life-threatening hemorrhage.
In addition, evaluation of adjacent organs may be necessary, including cysto-urethroscopy, proctoscopy, and pelvic imaging; though radiographic evaluation of pelvic organs is difficult due to the presence of extravasated barium. Drainage of the surgical wound and colonic diversion in cases of retroperitoneal extravasation has been advocated in cases of rectal perforation but may be of little value in reducing the total barium burden [10] . As previously stated, noncolonic perforations tend to be less morbid and thus persistent surgical drainage may have little clinical yield [4] . Broad spectrum antibiotics are universally recommended, but in absence of bowel communication with the barium, no fecal diversion is necessary. Should there be any suspicion of barium within the peritoneal cavity, however, prompt intra-abdominal evaluation with laparotomy or laparoscopy, along with aggressive fluid resuscitation is mandatory [2] .
Barium within the retroperitoneum tends to be persistent over years. In some cases, the barium causes no long-term adverse effects [11] . It has been shown that barium from extracolonic sources of perforation tends to be less morbid than barium from the colon, most likely due to the difference in bacterial contamination of the contrast [4, 12, 13] . However, regardless of the location of the perforation, long-term sequelae can include abscess formation, fistula formation, or retroperitoneal fibrosis leading to urologic obstruction [4,10,14-16] .
As noted above, intravascular injection of barium contrast may result in particularly grave consequences. In addition to complications from pulmonary embolism, barium particles are small enough that they easily pass through the capillary bed of the lungs and may embolize systemically to various organs of the body. These particles are rapidly taken up by phagocytic cells and sequestered into the reticuloendothelial system, and have been demonstrated in diverse tissues histologically [5, 8] .
Given the potentially catastrophic sequelae from unrecognized vaginal intubation and instillation of contrast, preventive measures should be taken. Rectal examination is recommended prior to performing the enema to properly identify all perineal anatomy, as well as using a gloved hand to keep the catheter out of the vagina [17] . There is evidence that many physicians and ancillary personnel are uncomfortable with pelvic and rectal examinations, creating a barrier to proper placement and increasing the risk of malposition [18] . Personnel should be aware of this potential barrier, and consciously work to overcome this aversion through open conversation with patients and caregivers, informing them of the critical nature of these examinations. Additionally, informed consent should specifically state where the catheter should be placed, caution the patient to inform the care team if they feel the catheter is misplaced, and empower the patient to speak up. Examination should not be cursory, but thorough enough to ensure proper placement. Relying solely on the patient to inform of misplacement is not adequate, as patients cannot be expected to fully understand the nature of the examination, even after informed consent is obtained.
Teaching point
Vaginal intubation during barium enema is likely very common, but usually recognized prior to instillation of contrast. If unrecognized, however, there is a substantial risk for vaginal injury and potentially fatal sequelae including barium embolization, inadvertent perforation of the vagina during attempted barium enema remains a rare complication, but if barium is contained preperitoneally, close observation is a viable treatment option. At the time of catheter placement, and prior to instillation of contrast, the placement of the catheter should be definitively verified by physical examination and communication with the patient.
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